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ABSTRACT 
ABSTRACT 
Today, the environmental pollution is the burning problem in the whole world and a 
number of pollutants are causing a havoc The pollutants are generally introduced 
into the environment as sewage, waste, accidental discharge or as a by product of 
manufacturing processes 
The pollutants may be broadly classified as Inorganic and Organic pollutants They 
are found in all three states, viz Solid, liquid and gas These pollutants are summa-
rized in general introduction in Table 1 1 and 1 2 
In recent years the use of adsorption technique for the removal of heavy metals 
from waste water has received global attention and different substances have been 
employed as adsorbents Industrial waste include heavy metal such as Zn, Cd, Hg, 
Cu, Ni,and Mn 
Different workers have employed different adsorbent for the removal of heavy metal 
from industrial waste, electroplating waste etc Saw dust is a cheap, widely avail-
able and abundant natural material and hence different workers have used it as an 
adsorbent for these metal ions 
The work in this thesis have been documented in four chapters 
Chapter I includes the general introduction on adsorption and chromatography The 
literature survey on these topics has been given under the following heading 
a Studies conducted by different workers on the adsorption of different metal 
ions using sawdust as adsorbent 
b Selective summary of adsorption of heavy metals on different adsorbent dur 
ing 191 - 96 
c Selective summary of work done on TLC of aromatic compounds during 1991 
-96 
Chapter II contains brief introduction on adsorption of heavy metals particularly 
on Zn2+ and Cd2+ ions, on saw dust In this chapter the results on the adsorption 
of later two metals on Mangifera indica saw dust are given The dependence of 
adsorption on different parameters viz Equilibrium time, pH of equilibrating solu-
tion of metal ions, dose of adsorbent, effect of temperature and the presence of 
NaCl are given The possible mechanism of adsorption have been discussed 
Freundlich and Langmuir model are tried to fit the observed adsorption data The 
thermodynamics parameters are described in Table 2 1-24 It is observed that 
overall process of adsorption is a multilayer endothermic process in case of Zn^^ 
whereas Cd^ "*" ions shows a composite behaviour 
Chapter III describes the study of organic pollutant (aromatic nitro compounds) by 
TLC method The effect of solvent on these pollutants has been described by using 
solvent polarity parameter such as E J ^ Q ) The regression equation has been de-
rived from these data using least squares method 
Chapter IV also contains the study of aromatic nitro compounds by TLC However, 
the effect of solvent (by mixing in different ratio) on these pollutants has been 
studied instead of using a single solvent Here again the solvent polarity effect is 
examined by using the E'r(3Q) values The relation between Rf and Ej/30) has 
been described which follow the straight line equation y = mx + C 
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CHAPTER -1 
INTRODUCTION 
Environmental pollution (1) has been defined as the unfavorable alternation 
of our surroundings by industrialization or by other human activities A 
substance is called a pollutant provided it interfere with health, comfort, 
amenities or property values of the people Generally a pollutant is introduced 
into the environment as sewage, waste, accidental discharge or as a by - product 
of manufacturing processes It is also introduced into the envirormient as 
compounds used to protect plants and animals TTie pollutants may be broadly 
classified as Inorganic Pollutants and Organic Pollutants They are found in all 
three states viz solid, liquid and gas Table 1 1 hsts some common inorganic 
pollutants while organic pollutants are listed in Table 1 2 
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Environmental pollution is the burning problem of modem life Therefore, a 
number of books have been written and international symposia (2-11) have been 
organized on the subject In developing countries like India, there is an immense 
need of simple and inexpensive methods for pollution monitoring and control 
Therefore, attempts have been made to develop simple and sensitive techniques for 
the detection and determination of these pollutants Analytical Chemistry plays a 
very important role in both dealing and controlling environmental pollution It can 
be thought as comprising of two branches, qualitative and quantitative Qualitative 
analysis deals with finding what constituent or constituems are in analytical sample, 
and quantitative analysis deals with the determination of how much of a given 
substance is in the sample With today's instrumentation and with a large variety of 
chemical measurements available, specificity or sufficient selectivity can often be 
achieved so that the quantitative measurement serves as qualitative measurement 
Adsorption, ion - exchange and chromatography are the important concepts in 
analytical chemistry Since the solid - liquid interactions have always been of 
interest because of their diversity and immense applications Interactions between 
the components of liquids or solutions and surfaces of the solids make, in a wide 
variety of ways, a momentous contribution to our everyday life Its importance in 
the petroleum, chemical and pharmaceutical industries is well established 
However, recent activities in biotechnology, medicine, biomedical, biochemical, 
environmental and polymer engineering have broadened the usefiilness of these 
processes Similarly, ion - exchange is one of the most versatile analytical 
technique in separation science Various applications of ion - exchange procedures 
are in the field of heterogeneous catalysis, radiochemical analysis, solid 
electrolytes, inorganic ion - exchange membranes, environmental studies, ion -
selective electrodes and intercalation compounds 
ADORBED 
HYDROGEN GAS — • H H H H H H H 
SURFACE ATOM - ^ - fsJi f^ ji _ jji _ ^ j _ ^ j . ' ; _ ^ 
Fig. 1-1 Chemisorption of hydrogen on Nickel 
A. Adsorption'. 
Adsorption may be defined as " the phenomenon of higher concentration of any 
molecular species at the surface than in the bulk of a solid (or a Uquid) is known 
as adsorption. 
Adsorption (12) can be distinguished fi"om absorption The adsorption is a 
surface phenomenon while absorption is a bulk phenomenon In absorption a 
substance is uniformly distributed throughout the body of a solid or liquid In 
adsorption solid that takes up a gas or vapour or a solute from a solution, is called 
the adsorbent, while the gas or the solute which is held to the surface of the solid, 
is called the adsobate Mc Bain (12) suggested that the term sorption should be 
used to describe a process in which both absorption and adsorption take place 
simultaneously The phenomenon of adsorption has been known since 1773 when 
Scheele (12) discovered the uptake of gases by charcoal Sometimes the adsorption 
can be classified as physical adsorption (or physiosorption) and chemical 
adsorption or (chemisorption) The former is also known as Vander Waal's 
adsorption in which gaseous molecules are held to the surface of an adsorbent by 
physical or vander Waal's forces i e the forces of molecular attraction Physical 
adsorption of a gas is accompanied by a low heat of adsorption which is of the 
same order as that of heat of liquefaction of gas 
Chemisorption, in which the gaseous molecules are more or less completely 
dissociated into atoms which combine with the surface atoms of the adsorbent by 
valency forces i e. by the process of electron sharing as in the formation of 
chemical compounds Chemisorption is accompanied by evolution of a large 
amount of heat Chemisorption of hydrogen on Nickle is shown in Fig 1.1(13) 
m 
The chemisorption generally occurs in catalytic reactions This type of catalysis, 
called heterogenous catalysis, is understandable only on the basis of some of the 
information's deduced in adsorpti(Mi studies The photo electron spectroscopy ( 
ESCA) can be implied to reveal some of the bonding properties of the adsorbed 
species In surface studies this is normally referred as photoemission spectroscopy 
Adsorption is essentially a phenomenon of separating surface and the interfacial 
tension (14) It is generally governed by the thermodynamics relation 
A G = A H - T A S (1) 
AG, AH and AS are taken respectively as the free Energy, heat and entropy 
changes in the process The process of adsorption is generally exothermic but 
endothermic process have also been reported in case of large ionic - raiceller 
system such as those of dyes in solution 
The reverse process (i e desorption) measures the resistance of the systems to 
change and manifests itself as binding force between the adsorbate and adsorbent 
The binding forces involved may be of several types, such as vander waal's ion 
exchange, covalent bond formation and hydrogen bonding, depending on the 
nature of the substrate, surface and the adsorbate 
The surface structure of a solid is controlled to a large extent, by the underlying 
bulk structure which are, in turn, is defined by chemical composition and crystal 
structure The various surface group on the common polar adsorbents may ionize 
in the presence of water or similar solvents leaving a net charge or so called zeta -
potential, on the surface of the adsorbent This surface charge has been claimed by 
many workers (15,16) to have an important effect on the sorptive properties of an 
adsorbent, especially where ion - exchange plays an important role 
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needs great care, as many other factors also contribute to the isotherm's shape 
(19) 
The adsorbent studied during last years have been summarized in Table 
in l3 
Mechanism of adsorption: Although adsorption from solution by solids is of 
great practical importance and a large number of papers have been published 
Much of the early work was concerned with relatively dilute solutions, and 
interpretation of the isotherms was not unreasonably analogous to that used for 
adsorption from the gas phase and experimental results were fitted to equations of 
the Langmuir and Freundlich types The role of solvent and its competition with 
the solute for surfaces sites has now become recognized as an important factor, 
particularly as a result of a large number of studies on the adsorption from binary 
liquid mixtures and their thermodynamic analysis 
The interaction between the surface and adsorbed species may be either 
chemical or physical Several types of bonding can be identified as follows (20) 
(1) Chemical adsorption (Chemisorption) stearic acid from benzene solution on 
metal powders 
(2) Hydrogen bonding - long - chain alcohols from hydrocarbon solution on dry 
oxide surfaces 
(3) Hydrophobic bonding - association of hydrocarbon chains to " escape" from an 
aqueous environment, e g acids on polystyrene 
(4) vander waal's forces 
The net interaction of an adsorbate molecule with a surface might involve more 
than on the type of interaction, depending on the chemical structure of both 
components 
15 
The most favoured approach to an investigation of the adsorption mechanism is 
a study of the isotherm (20) The important aspect are 
(a) the rate of adsorption 
(b) the shape of isotherms 
(c) the significance of the plateau found in many isotherms 
(d) the extent of solvent adsorption 
(e) whether the adsorption is monomolecular or extends over several molecular 
layers 
(f) the orientation of the adsorbed molecules 
(g) the effect of temperature 
(h) the nature of the interaction between adsorbate and adsorbent 
16 
STUDIES CONDUCTED BY DIFFERENT WORKERS ON THE 
ADSORPTION OF DIFFERENT METAL IONS USING SAW DUST AS 
ADSORBENT 
Removal of Chromium 
Several authors have studies the fate of adsorption of chromium on saw 
dust Srivastava et al (21) used saw dust as an adsorbent for the removal of Cr^ "*" 
from industrial waste water as Cr042- The adsorption of CTO^^' on to the saw 
dust was reported through chemisorption and remain unaffected by pH of effluent 
waste water They observed that pre-washed saw dust decrease the COD and 
colour of the effluent upto higher extent as compared to that of unwashed saw dust 
The column of saw dust was used for the removal of Cr^ "*" from aqueous solutions 
by Singh et al (22) They studied the effects of pH and concentration and reported 
the maximum removal of Or""*" at pH 2 
The ability of saw dust to adsorb Cr^ "'' from waste solution was studied in 
batch reactor under forced convection conditions by Mahmood (23) 
Ajtnal et al (24) studied the removal and recovery of Cr^ "*" from electroplating 
waste by using pretreated saw dust The saw dust was treated with 
disodiumhydrogen phosphate The adsorption process is pH dependent They 
reported 100 % adsorption of Cr^ "*" at pH range < 2 for an initial chromium 
concentration of 8-50 mg/L in synthetic as well as electroplating waste They 
reported their studies on batch as well as by column processes Singh et al 
studied (25) the adsorption behavior of saw dust of Ficus benghensis for the 
removal of Cr^ "*" from water and waste water in the low pH range and reported 99 
% of removal of Cr^ "*" within 4h from wastewater 
17 
Removal of Cu^ "*" 
Vaishya and Prasad (26) have studied the adsorption of Cu^ "*^  on saw dust of 
Brassia latifoDia without any pH adjustment. The sorption equilibrium were 
modeled by both Freundlich and Langmuir isotherm The effect of pH was studied 
and maximum adsorption was observed at pH 7 3 
Shakila Begum (27) estimated Cu by using saw dust in effluents as well as in 
water with the help of Langmuir adsorption equation The maximum adsorption 
capacity of the adsorbent increased with temperature between 30 - 50°C Aval et al 
(28) also studied the adsorption behavior of Pb^ "*" and Cu2+ on saw dust 
Removal of other Heavy Metals 
Bhargava et al (29) used saw dust for the removal of heavy metals ( Cr, Pb and 
Cd ) from synthetic waste water by adsorption The eflFect of metal concemration, 
dose of saw dust and the contact time were studied The removal eflBciency 
decreases at high metal concentration (> 10 mg/1) It is observed that the order of 
extent of adsorption of these metal ions on saw dust is Cr> Pb > Cd. The heavy 
metals ions are removed from waste water by using treated saw dust The saw dust 
is treated with a 5 - 10 % solution of sodium and ammonium polysulphide at 90 -
400°C before filtration Chung et al (30) studied the adsorption behavior of heavy 
metals ions on saw dust using columns Singh et al (31) removed heavy metals ions 
using modified saw dust) which exhibits good adsorption potential for Hg 2+^  
Pb^ "*" and Cr^ "*" Adsorbent columns were used to remove Cr6+, Hg2+ and Pb2+ 
from aqueous solutions The adsorption of other heavy metal ions on diflFerent 
adsorbent have been summarized in Table 1 3. 
Removal of Phenolic Compounds: 
Removal of phenohc compounds from water using impregnated saw dust was 
studied at 25°C bv Sineh et al. (32>. Thev investigated the effect of oH on the 
18 
recovery of these compounds from waste samples were investigated Phenol removal 
from aqueous system by sorption on Jack wood saw dust was studied by Acharie et 
al (33) The extent of removal depends on phenol concentration, pH of the solution 
and temperature They reported the equilibrium time of 6 h At pH 7, 62 5 % 
removal was achieved at initial concentration 25 mg/ L at 30°C 
Removal of Dyes 
Asfour et al (34) used saw dust as an adsorbent for the depolarization of a 
dilute solution of a basic dye The depolarization occurred within 100 min at 80°C 
at an initial concentration 200 mg / L A Nag (35) used charred saw dust as an 
adsorbent for the removal of dye from water The possibility of using saw dust as 
an adsorbent in a fixed - bed adsorber in depolarization of waste water as well as 
batch wise was studied by Mansi et al (36) The adsorption follows Freundlich 
model adsorption for the adsorption of maxilin blue (a basic dye stuff) on wood 
Removal of Fats and OUs 
Animal or vegetable fats and oils are removed by adsorption using saw dust as 
an adsorbent by Mazet et al (37) from waste water by batch process 
Oda et al (38) studied the adsorption behavior of saw dust sand witch mats for 
the removal of oils 
19 
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CHROMATOGRAPHY 
The origin of the chromatography go back to Runge's experiment on capiDary 
analysis Davy observed changes in the composition of crude petroleum when it 
came in contact with rocks displaying adsorptive activity. These reports can be 
considered as part of the developmem of chromatography It was only about 95 
years ago that Russaian botanist Michael Tswett published two papers (80,81,) 
in 1906, on the separation of plant pigments achieved by percolating the 
petroleum ether extract of green leaves though a glass column packed with fine 
grains of calcium carbonate the separation results into a series of green and 
yellow bands and hence the term ' chromatography', chroma (color) + graphy 
(writing) was coined by him Despite this early description, the importance of 
Tswett's work was not realized until the beginning of the 1930s when Khun et al 
(82,83) applied chromatographic principles to the separation of natural 
substances therefore, the birth of column liquid chromatography is ascribed to 
the work of Tswett's Another mile stone in the new development of 
chromatography was reached in 1941 when Martin and Synge (84-85) reported 
their discovery of liquid - liquid partition chromatography They used one liquid 
as sorbent and another liquid was allowed to percolate though the former, thus 
making the technique a chromatographic process Their work set a precedent for 
the development of other forms of chromatography 
Chromatography is the general name given to methods by which two or more 
compounds in a mixture are physically separated by distributing themselves 
between two phase 
(1) a stationary phase, which can be a solid and 
(2 ) a mobile phase , either a gas or bquid, which flows continously over the 
stationary phase. 
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The separation of individual components results primarily from differences in 
their affinity for the stationary phase. There have been many definitions of 
chromatogr^hy formulated according to various classification aspects but to 
propose a good definition of chromatography is difficult It is a collective term 
applied to methods which appears divers in some regards but share certain 
common features Keulemann's definition serves as well as any chromatography is 
a physical method of separation, in which the components to be separated are 
distributed between two phases, one of these phases constituting a stationary bed 
of large surface area, the other being a fluid that percolate through or along the 
stationary bed The stationary phase may be either a solid or liquid and the 
moving phase (i e mobile phase) may be either liquid or a gas 
The chronological development in separation technique after Tswett's 
discovery of chromatography based first on adsorption and then partition 
phenomena are presented in Table 1 4 
CLASSIFICATION OF CHROMATOGRAPHY 
According to the physical arrangement chromatographic systems can be 
divided into planer or colunui depending on the geometry of the column support, 
the columnar system can be divide as shown in Table 1 5 The planar arrangement 
are represented by paper and thin layer chromatography According to 
development procedure the planar systems can be fiirther classified as ascendant, 
horizontal, descendem and occasionally centrifiigal Furthermore the 
development is termed as isocratic if the composition of the mobile phase remains 
unchanged during the development On the other hand, when the composition of 
the mobile phase varies, it is called gradient development The chromatographic 
systems can be classified according to 
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(1 ) The state of aggregation of the phases 
(2 ) The physical arrangement of the phases and 
(3 ) The mechanism underlying the distribution equilibrium 
The four possible chromatographic systems derived from solid, liquid and 
gaseous phases are 
(a) liquid - liquid 
(b) liquid - solid 
(c) gas - liquid and 
(d) gas - sohd 
Of these, liquid - liquid and liquid - solid systems contribute ' liquid 
chromatography' A summary of typical chromatography systems according to 
this classification is given in Table 1 6 
The overall process of chromatography is a diflFerential migration 
phenomenon The separation of the components of mixture depends upon their 
differential penetration into the porous sorbent This migration is produced by a 
non - selective driving force, the flow of the wash liquid The differential 
migration results from a selective sorption of the components of the mixture (86) 
Analogous differential migration from a narrow initial zone of mixture forms 
the basis of several related separatory methods With suitable combinations of 
driving force and resistive action, either one or both of which must be selective, 
effective separations have been made under a variety of conditions (86-93) 
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In column chromatography the separation may proceed isocraticaDy or with a 
programmed gradient of composition of the mobile phase, isothermally or with 
programmed temperature changes of column and isobarically or with 
programmed pressure dianges of mobile phase at the column inlet In planar 
chromatographic systems the solute compounds are usually not eluted from the 
chromatographic bed but rather detected directly in it 
LIQUID CHROMATOGRAPHIC TECHNIQUE 
It is clear from the above discussion that several types of liquid 
chromatographic techniques have been developed The more common liquid 
chromatographic techniques are being described in the following paragraphs 
Adsorption chromatography : In adsorption chromatography the retention 
of the solute is a consequence of the interaction with the surface of the solid 
adsorbent The adsorbent surface has a rigid structure making this type of 
chromatography useful for separations of geometric and structural isomers with 
molecular weight up to about 1000 
Partition chromatography : Liquid - liquid partition chromatography was 
first described by Martin and Synge (84,85) in 1941 The distribution of solutes 
takes place between two immiscible solvents In normal phase (straight phase) 
chromatography the more polar liquid often water rich, is the stationary phase, 
whereas the opposite is true in reversed phase partition. The stationary phase may 
be situated on a variety of supports depending on the polarity of the stationary 
phase Partition chromatography is used for separation of solutes with molecular 
weights up to a few thousands and is a powerful tool in the separation of series 
ofhomologs 
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Ion - Exchange The stationary phase in ion exchange chromatography is 
made of porous polymer to which anionic or cationic exchange groups have been 
attached The retention and separation of solutes are performed according to the 
degree of ionization of the solute and its affinity to the ionic sites on the 
stationary phase The eluent is usually an aqueous buffer and the reteirtion may be 
controlled by changes in ionic - strength 
Size Exclusion chromatography : In size exclusion chromatography, the 
solid support is a porous polymer with a controlled pore size, and the solute 
molecules are separated according to their size in solution The large molecules 
are excluded and they have the shortest retention time The size exclusion may be 
performed in aqueous systems (gel fihration), where water soluble 
macromolecules can be separated or in non - aqueous systems (gel permeation) 
By calibration the method can also be used for determination of molecular weight 
or molecular weight distribution 
Affinity chromatography : In order to achieve a high degree of selectivity 
special groups with a high affinity to solute or a group of solute may be attached 
to a solid matrix The ionic change groups in ion exchange chromatography are 
the most well known example of this, but many column materials even more 
selective have been developed (e g immobilized enzymes) The field of bio-
affinity chromatography is expanding rapidly Most of the initial development in 
chromatography were for the separation of organic compounds 
•ram - LAYER CHROMATOGRAPHY: 
Thin - layer chromatography (TLC) together with paper chromatography 
comprises 'planar' or flat bed chromatogriq)hy It is a rapid, expensive and highly 
effective analytical technique appUcable for the analysis of great variety of multi 
comoonent mixture The stationarv ohase in TLC is an active solid termed as the 
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sorbent where as a liquid containing a single solvent or a mixture of solvents is 
used as mobile phase A suitable closed vessel containing mobile phase and a 
plate (glass or plastic) coated with a suitable sorbem (silica, cellulose, ahimina, 
polyamide or ion exchanger) are all that required to carry out qualitative and semi 
quantitative separations The mobile phase is usually allowed to migrate up the 
plate 10 to 8 cm from the stationary line on a TLC plate. The conventional one 
dimensional ascending technique is usually used for the development of 
chromatogr^hs Multiple, two dimensional, centrifugal and gradient 
development technique have also been used 
Basic TLC is carried out as follows A drop volume ( 0.5 - lO^L) of a sample 
mixture is spotted on a TLC plate at about 2 cm from the lower edge of the layer 
The spot is completely dried at room temperature or at an elevated temperature 
and the plate is developed with a suitable mobile phase inside a closed chamber 
The components of the mixture migrate at diflFerent rates during the migration of 
mobile phase through the stationary phase. After the development is over, the 
stationary phase is removed, the plates are dried and the zones are detected using 
suitable detection reagent Differential migration results because of varying 
degrees of affinity of the mixture components for the stationary and mobile phase 
Compound identification in TLC is based on Rf value \ ^ch is a measure of the 
ratio of the distance traveled by the solvent from the starting line to the distance 
traveled by the solute i.e 
distance moved by the solute 
distance moved by the mobile phase front 
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The Rf values are generally not exactly reproducible The contributing factors 
for this are chamber dimensions, purity and flow direction of mobile phase, size 
and nature of layer, humidity, equilibration conditions, temperature and sample 
preparation methods Further characterization of separated substances can be 
achieved by scraping the layer and elution of the analyte followed by 
spectroscopic methods 
History of TLC : The history of TLC is marked by these dates 
1 In 1938, Izmailov and Schraiber (94) separated certain medicinal compounds on 
binder free horizontal thin layer of alumina spread on glass plates Since the 
solvent was applied as drops on the glass plates, containing sample and sorbent, 
their method was called 'drop chromatography' 
2 In 1949, Meinhard and Hall (95) demonstrated that powdered adsorbent, fixed to 
a microscopic slide by means of a suitable binder, provides a system for micro 
chromatography called surface 'chromatography They separated Fe2+ and Zn2+ 
on microscopic slides coated with a mixture of alumina and starch (bmder) 
3 About 1958, Stahl (96,97) introduced the term ' thin layer chromatography' and 
standardized procedures, materials and nomenclature 
Kirchner (98), Heftmann (90), Stahl (100) and Pelick (101) have nicely 
reviewed the history of TLC After the pioneering work of J Kircher (102) and 
E S Stahl, TLC became important for the separation of samples, not amenable to 
analysis by GC The rapid growth of TLC was slowed down during the 1970s 
with the corresponding rise in popularity of HPLC The cf^acity foctors m HPLC 
are more reproducible than Rf values in TLC However, recent in:q)rovements in 
TLC have removed manv of its limitations and several new techniaues such as 
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high- performance (HP)TLC, over pressurized (OP)TLC, reversed phase 
(RP)TLC and centrifugal layer chromatography (CLC) came in light. The 
quantification by densitometric scanning have also improved the efficiency of 
classical TLC 
HPTLC layers are smaller, thinner, contain sorbent of more uniform particle 
size and developed for a shorter distance All these factors lead to fester 
separations, reduced zone diffusion, lower detection limits, less solvent 
consumption and better separation efficiency 
OPTLC was introduced by Hunga"^  an Scientists in 1970s. In OPTLC, the 
vapor phase has been eliminated and the sorbent layer is completely covered with 
an elastic membrane under external pressure The mobile phase migrates through 
thin layer due to the ' cushion system' at over - pressure Thus, OPTLC combines 
advantages of the continuous development technique and elimination of firee 
space in the chromatographic chamber 
In centrifugal layer chromatography, the eluent flow is induced by centrifugal 
force The sample is applied near the center of rotating disk covered with 
adsorption material Concentric zones of substance migrate towards outside of 
the plate during elution The circles elute sequentially from the disk and can be 
recovered separately 
Advantages of TLC TLC is the most versatile and flexible 
chromatographic method It is rapid because percolated layers are available to be 
used as received without preparation It has highest sample throughput because 
upto 30 individual samples and standards can be applied to a single plate and 
separated at the same time The automated sample applicators and developers 
allow hich accuracv and orecision in Quantification There is a wide choice of 
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Hydrogen Bonded 
HO 
Isolated 
Hydroxyl 
Groups HO 
Siloxane Bonds 
Fig . 1.3 Structure of silica gel depicting the various types of bonds 
and silancl groups present. 
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sorbent of the widest range for TLC applications is an amorphous and porous 
adsorbent referred to as sihca, silicic acid, or porous glass At the surface of 
silica gel the free valencies of the oxygen are connected either with hydrogen (Si -
OH, silanol groups) or with another silicon atom (Si-0- Si, siloxane groups) as 
shown in Fig 1 3 
The silanol groups represent adsorption active surface centers that are able to 
interact with sample molecules The ability of silanol groups to react chemically 
with appropriate reagents is used for controlled surface modifications Therefore, 
silica gels are most suitable as stationary phases in chromatography 
The various types of sorbent layers used may be classified as follows 
1. Unmodified or Untreated Sorbent: Silica gels, aluminas, inert silicon 
dioxides (sibca 50,000 and kieselguhrs), cellulose, polyamides (polyamide 6 and 
polyamide 11) and sephdex (cross linked polymeric dextran gels) Kieselguhr 
matrix consists of Si02, AI2O3, MgO, Na20,K20, CaO, Ti02 etc 
2 Bonded by Chemically Modified Sorbents: 
In recent years the importance of using surface modified sorbents in TLC has 
increased Both hydrophobic and hydrophilic modified sorbent phases have been 
used 
(a) Hydrophobic Modified Phases (R P phases): 
The non- modified sorbents polar surface characterics, therefore they are not 
of much practical utility for chromatographic separations of sohites having 
identical polar characteristics This problem has been solved using hydrophobic 
interactions of the stationary phase with compounds of appropriate molecular 
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weight The most popular such organofunctional groups are methyl ( RP-2), 
Octyl (RP-8), dodecyl (RP-12), Octdecyl (RP-8) and phenyl residues 
(b) Hydrophilic Modified Sorbents : 
Hydrophilic modified sorbents possess amine, cyano, and diol residues as 
functional group The polar functional groups, in each case, are bonded via short-
chain non- polar spaces to the silica matrix. 
3. Impregnated Sorbent: 
Besides the possibility of changing the selectivity of sorbent by chemical 
modification, improvement in selectivity can also be achieved by impregnating the 
matrix with suitable organic or inorganic substances ( physisorption). 
(a) Organicjinpregnates: 
Sihca gel has been impregnated with diethylene triamine, sulphaguanidine, 8-
hydroxy quinoline and t- butylmaine, 2,2- dipyridaliminodiacetic acid, tri butyl-
amine, EDTA, pyridiniumtungstoarsenate, p- toulidine etc Micro crystalline 
cellulose impregnated with chitosan formate, bis - ( 2- ethyl hexyl ) 
orthophosphoric acid, trioctyl phosphine oxide - bis- ( 2-ethyl hexyl) ortho 
phosphoric acid 
(b) Inorganic Impregnants; 
Cericmolybdate, sodium molybdate, ammonium chloride, barium nitrate, 
sodium nitrite, potassium orthodihydrogen phosphate and copper sulphate have 
been used as the impregnates for silica gel. 
4. Miscdlaneous Sorbents: 
In this catogory one can report numerous type of sorbent phase, that have 
been used in TLC. Both commerciallv available (orecoated) lavers as weD as 
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home made sorbent layers have been used Some of them are summarized 
below 
(1) Silica gel H slurried in 4 % ammonium nitrate solution containing 1 % sodium 
carboxyl methyl cellulose (CMC), 
(2) Silica gel G- starch, 
(3) Silicagel-Ceric molybdate, 
(4) Silica gel G- Na carboxymethyl cellulose, 
(5) Kaolin, chitosan, 
(6) Diethyl aminoethyl (DEAE) - cellulose layers in H^ form, alumina with plaster of 
Paris binder, 
(7) Dowex 50 WX8 + silica gel ( 1 1) and amberlite IRA- 400+ silica gel ( 1 1) 
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Mobile Phases: Separation of organic inorganic compounds by TLC is governed 
by the physical interactions of the adsorbent and the coordinative properties of the 
mobile phase The composition of a mobile phase is usually altered in order to achieve a 
desired separation with improved selectivity, resolution and clarity 
Mobile phases are most often selected by consuhing the pertinent literature to find 
suitable solvent for the separation of interest This is followed by a trial- and error 
approach to modify the mobile phase for the particular layer and other local conditions 
being used, if necessary Based on solvent strength and selectivity parameters systematic 
approaches to mobile phase selection and optimization have been developed A praise 
worthy work in this direction has been done by Snyder (103) and Kirkland (104) 
An important advantage of TLC with volatile mobile phases such as acetone, 
methanol or benzene Ues in the fact that they quickly evaporate fi-om the sorbent layer, 
after development, but reproducibility m such cases suflFers due to the presence of mobile 
phase components in the vapor phase over the surface Conversely, TLC with mobile 
phases of lower volatility gives better reproducibility, but the continuous slow advancing 
of the mobile phase after the withdrawal of the plate from the chambers may lead to an 
additional zone broadening 
The mobile phases used during last decade may be categorised into following groups 
(1) Inorganic Solvents 
(a) acids 
(b) bases 
(c) salt solution 
(d) mixture of acids and bases and their salts 
(2) Organic Solvents 
(a) acids 
(b) bases 
f c) alcohols 
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(d) aldehydes and ketones 
(e) esters 
(f) mixture of the above 
(3) Mixed Solvents: 
(a) organic solvents mixed with minerals acids 
(b) organic solvent mixed inorganic bases 
(c) organic solvent mixed with water 
(d) organic solvents mixed with salt solutions 
Literature: The voluminous work done on TLC of organic substances has been well 
documented in the form of several reviews, monographs, books and articles. Table 1.6 
summarizes the work done on TLC of organic substances to date which is based on the 
available data from reviews, chemical abstracts, monographs and books 
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Activated carbon has been a popular choice as an adsorbent for the removal 
of pollutants from waste water but its high cost poses an economical problem 
Therefore, there is a need for the development of low cost, easily available material 
which can be used more economically on large scale Several cheap materials have 
been tried by many workers for the removal of toxic metals including Zn^ "*" and 
Cd^ "*" from waste waters It has been reported that some aquatic plants (17-20), 
agricultural by-products (21), waste tea leaves(22) and sawdust(23) have the 
capacity to adsorb and accumulate heavy metals 
Sawdust is a cheap, widely available and abundant natural material It has 
been reported to exhibit ion exchange and complexation properties(24,25) for the 
heavy metals Singh and Mishra(26) employed iron impregnated sawdust for the 
removal of phenohc compounds from water, Vaishya and Prasad (27) studied the 
adsorption of Cu on sawdust Adsorption of Cu, Pb, Hg, and Fe on sawdust dyed 
with several reactive dyes was studied by Shukla and Sakhardane (28) 
This paper reports the adsorption studies of Zn^ "*" and Cd^ "*" on saw dust 
The effect of equilibrium time, pH, temperature, concentration, dose and salinity 
on adsorption of these metal ions have been described The adsorption isotherm 
and the probable mechanism have been explained 
MATERIAL AND METHODS 
1. Adsorbent: The sawdust of Mango tree (Mangefera indica) was used in this 
study It was collected from a timber workshop near the University campus It was 
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sieved (50-60 mesh), treated with dil HCl and washed several times with distilled 
water until no chloride was released It was then used throughout the adsorption 
studies 
2. Adsorbate solution: The stock sohition (0 005 M) of metal ions was 
prepared by dissolving their corresponding salts in distilled water and standardized 
complexometrically with EDTA (disodium salt) using EBT (Eriochrome Black-T). 
All the chemicals used were of analytical reagent grade and were obtained from 
Loba, E Merck and BDH Bombay (India) 
3. Batch Adsorption Studies: Adsorption studies were carried out at different 
temperatures (22-60°C) 50 ml of the solution containing the desired quantity of 
the metal ion was treated with 0 5 g of sawdust in stoppered conical flasks for 
diflFerent times using a temperature controlled shaker After the predetermined time 
interval the reaction mixture was filtered and the filtrate was analyzed for the final 
concentration of the metal ions by titrating it with EDTA The amount of adsorbed 
metal ions was determined by subtracting the final concentration from the initial 
concentration Blanks were also prepared to find out the adsorption onto the 
internal surface of the containers, if any The effect of pH on the adsorption 
phenomenon was studied by adding either 1 0 N HCl or NaOH in metal ions 
solution 
To study the effect of salinity on the removal of Zn2+ and Cd^ "*" ions, the 
experiment was also conducted in presence of NaCl at 40°C only The 
fi3 
concentration of the NaCl was maintained at 0 1 M by adding 5ml of 1 M NaCl 
stock solution 
4. Adsorption Model: To quantify, the adsorption capacity of saw dust for the 
removal of metal-ions solutions from water, the Langmuir and Freundlich 
equations were applied 
(a)Langmuir Model: Langmuir proposed (29) the following model 
Ce/Am = 1/K 1/b + (1/b) Ce (1) 
where *Ce' is the equilibrium concentration (moleA),' Am' is the amount 
adsorbed per specified amount of adsorbent (mg/g), TC' is the equilibrium constant 
and "b' is the amount of adsorbate required to form a monolayer 
(b)Freundlich Model: According to this model(30) 
Am-KCel/n or In (Am) = In K + 1/n [In (Ce) ] (2) 
where all the terms have the usual significance and 'n' is an empirical constant 
This model deals with the multilayer adsorption of the substance on the adsorbate 
The points in the figures indicate the observed data and the line correspond to the 
fitted data 
A computer simulation technique have been applied to fit the Freundlich and 
Langmuir equations, for the adsorption data The coefficients of least squares 
fitting to a straight line (R) were computed for these two models 
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The thermodynamics parameters AG, AH and A S were computed from 
the equations given below and listed in table The free energy change was 
calculated from the relations, 
A G = -RTlnK (3) 
Similarly, the enthalpy change AH between 22 to 60° C was computed from the 
following equation 
In K = - AH/RT + C 
and the entropy change was calculated from the equation. 
AG - AH - TAS 
RESULT AND DISCUSSION 
Time of Equilibrium: The percent adsorption of Zn"^ "*" and Cd''"'" was studied 
with time and resuhs are shown in Fig 2 ..lit is observed that the adsorption of 
Zn"*"*" is muhistep process and reaches to a final plateau after 70 minutes The 
maximum uptake after this time is constant at a value of 61.5% adsorption On the 
other hand, the behavior of Cd"^ "*" is entirely different from that of Zn"*"^  It shows 
just a two step process and the final plateau is obtained after 15 minutes where the 
uptake of Cd"*^  reaches to a value of 60%. Thus the adsorption of Cd"*^  on 
sawdust is and faster in comparison to that of Zn"*"*". However, the time of 
fifi 
I+ + F i g . 2 * 2 . " Effect of dose on removal of Zn and Cd by sow dust 
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equilibrium used in all the following studied was set to 1 5 hour for the sake of 
simplicity as well as to ensure the complete process of adsorption in both cases 
EfTect of dose of saw dust: The effect of the dose of saw dust on the 
adsorption of Zn"*"*" and Cd"*^  has been depicted in Fig. 2.2.. The percent 
adsorption increases with increase in the dose of adsorbent probably due to its high 
surface area. But the adsorption increases in a stepped fashion. In case of Zn"*"*" 
ions, the final plateau is attained at 62% adsorption for a dose of >0.7 gm of saw 
dust. On the other hand Cd"*"*" ions show a three step adsorption process which is 
initially very fast as compared to Zn"*"*" ions and reaches to a final plateau 
equivalent to 70% adsorption This plateau was observed at a dose of > 0.8 gm of 
sawdust 
Effect of pH: The effect of pH on the adsorption of Zn2+ and Cd2+ ions are 
shown in Fi^ • 3 Both the ioiw show almost similar trends but (Mferent extents of 
adsorption at different pH values on sawdust The adsorption of Cd^ "*" ions starts 
at pH 2 It reaches upto 10% at pH 2.8, 55% at pH 6 and finally to a maximum 
value of 60% adsorption at pH 6.7 and remain constant at this level even at higher 
pH values. On the other hand the adsorption of Zn^ "*" starts only after pH 6 About 
55% adsorption of Zn^ "*" is observed around pH 9 which reaches to a maximum 
value of 70% at pH 9.5 and remains constant thereafter 
The adsorption behaviour of Zn^ "*" and Cd^^ on sawdust at different pH 
values may be explained through the ion exchange and complexation mechanisms 
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isotherm: The related parameters for the fitting of Freundlich and Langmuir 
equations at different temperatures are summarized in TableiT • ^ "' • ^ d isotherm 
plots shown in Fig.2 . 5 - ^ -respectively. 
(j»> Adsorption of Zn^ "*" The adsorption of Zn^ "*" between pH 6-7 follow both 
Freundlich as well as Langmuir type isotherm. However, the Langmuir equations is 
better obeyed by the system than the Freundhch one as is evident fi^om the values 
of regression coefficients (shown in table ) which are very close unity at 40 and 
60°C whereas they are far from unity in both the cases at 22°C. 
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The overall adsorption increases with the increase in temperature Further, 
at each temperature, a minima is seen corresponding to diflFerent values of Ce and 
Am as shovm in Fig 2 .5 The overall behavior of the system indicates that it is 
probably a multilayer endothermic adsorption process. This statement 
contradicts to the earlier statement that Langmuir adsorption isotherm is better 
obeyed It can be justified as follows 
(l)Themultilayer adsorption process is not possible in case of Langmuir 
model It is only possible in Freundlich adsorption model where the surface of the 
saw dust is assumed to be made up of heterogeneous patches which are 
homogenous in themselves (As explained above) 
(2) The application ofVan'tHofftype equation for the calculation of 
thermodynamic parameters shows that the enthalpy of adsorption is positive in 
case of Freundbch adsorption model whereas it is negative for the Langmuir one 
The positive A H value of the former model corresponds to endothermic process 
which we have observed Thus it indicates that Freundlich adsorption model is 
obeyed in the adsorption of Zn^ ~^  on the saw dust 
To find out the reason of appearance of the minima in the adsorption 
isotherm, the pH of the system is noted and it is found to be 5 8, which is less than 
6 5, a value to which the system was preset by adding NaOH The ion exchange 
seems to be possible mechanisms of this minima With the increase in 
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concentration, the aggregation of the metal ions at the surface of the saw dust 
increases which result to the exchange reactions with the already protonated sites, 
resulting thereby an increase in HT*" concentration and hence a decrease in pH The 
latter effect decreases the adsorption of the metal ions leading to a minima in the 
adsorption isotherm With the rise in temperature, this minima shifts to a lower 
value of the concentration of metal ions. The increased temperature increases the 
aggregation of ionic species and hence brings about the ion exchange process at 
lower equilibrium concentration 
(b^ Adsoq>tion of Cd"*"*": The adsorption of Cd2+ ions at different 
temperatures is shown in Table2 .1 . It is clear from the values of regression 
coeflBcients that neither it follows Langmuir nor Freundlich type isotherm and 
hence it is not possible to compute the various thermodynamic parameters using 
van,t HofiF equation in this case. Initially, the extent of adsorption increases with 
the rise in temperature which indicates that the process is endothermic. After an 
equilibrium concentration of 0.5 M, a cross over in adsorption isotherms is 
observed which resuh to a decrease in the extent of adsorption at 60 °C resulting 
thereby to a minima at Ce = 1 M However, the adsorption at 40°C and 22°C 
becomes almost equal between Ce = 0.6 to 2 M With the increase in equilibrium 
concemration so many crossovers are observed among the three adsorption 
isotherms and finally the order of the extent of adsorption becomes 40 > 22 > 60 
°C. According to Giles classification(33) the adsorption of Cd''"'" on saw 
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dust show ' S* type isotherm This class of adsorption isotherm is indicative of the 
composite isotherm where there is a competition between the solute and solvent 
molecules for the adsorption on the adsorbent The following may be the possible 
mechanism of overall process of Cd"*"*" adsorption 
Initially the adsorption of Cd"*"*" ions at all the temperatures occur in the 
unhydrated form, i e, the dehydration of both the ions and the adsorption site 
occurs first and the ions get adsorbed on the most easily accessible surface sites-
exposed sites However the sites at the iimer surface are still available On 
increasing the concentration of the ions in solution, the aggregation of these ions 
increases on the surface leading to their access to the less accessible sites( i e the 
inner surface sites ) This tends to an increase in the adsorption through the 
opening of the pores of adsorbent due to its swelling The latter effect facilitates 
the entry of water molecules too into the pores On the entry of water, the 
adsorbed ions/sites gets hydrated leading to a decrease /reversal in the extent of 
adsorption Thus it causes a minima in the adsorption process 
Effect of Salinitv: The adsorption studies were also conducted in presence of 
0 1 M NaCl at 40 °C only Both the metal ions ( Zn"^. Cd"*"*") show a minima at 
Ce = 3 6 X 10-3 and Ce =4 8 X lO'^ M corresponding to Am = 0 005 and 0 025 m 
moles/g respectively as shown in Fig 2 . 9 . These values of Am are very low as 
compared to the values noted in absence of NaCl Probably Na"*" ions compete for 
the ion exchange process resulting in the less uptake of Cd"*"*" and Zn^^ ions 
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Conclusion: Thus it is clear that saw dust is a cheaper and potential adsorbent 
for the removal of Zn2+ and Cd^ "*" ions from aqueous system The maximum 
adsorption takes place in the alkaline medium in both the cases The adsorption of 
Zn2+ on saw dust show a multilayer endothermic adsorption process However, 
the adsorption of Cd^ "*" follow a composite isotherm ^^^ch results in the reversal 
of order of selectivity of Cd^'^ ions with the change in equilibrium concentration 
and temperature of the system leading to the minimas in the adsorption isotherms 
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INTRODUCTION 
Solvent polarity has been measured by various methods including kinetics (1), 
thermodynamics (2), and spectroscopy (3) There are many well known polarity scales 
£7(30) (4), Kosowers Z scale (Z) (5), Gutmann Acceptor No (AN) (6), Gutmann Donor 
No (7),andKamletTafts (n*)(8) 
However, there is still a need for a simple method to evaluate solvent polarity we 
determined the Rf values of nitro compounds in various solvents by thin layer 
chromatography (TLC) The various linear functions are unknown or to evaluate solvent 
polarities in a mixture In this communication, we report our resuhs for single solvent 
system A similar approach has been reported in the literature (9-11) 
EXPERIMENTAL 
Silica gel g (for TLC) was obtained from Merck (India) The nitro compounds were 
obtained from BDH, E Merck, or Fluka All solvents were analytical- reagent grade and 
were obtained from BDH, E Merck, Kochlight The solvents were dried over 4 A 
molecular sieve and were not evaluated for traces of water because traces would not have 
a significant effect on Rf This supposition was later confirmed by the linear relationship 
obtained 
For each development, the TLC tank was covered with a greased lid that was removed 
only when the development was complete 
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Table 3.1. Regression Equations Used to Evaluate the Polarity Values 
Compound 
m-Nitroaniline 
o-Nitroaniline 
p-Nitroaniline 
o-Nitrophenol 
Picric acid 
Regression equations 
Rf= 8.49 (log ET [301-1.50) 
Rf= 10.05 (log ET [30]-1.51) 
Rf= 10.11 (log ET [30]-1.55) 
Rf= 26.45 (log ET [30]-1.55) 
Rf= 10.79 (log ET [30]- 1.54) 
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Table 3.2 Values of Ej (30) obtained for Each Sohent 
No. 
1 
2 
3 
4 
5 
6 
7 
X 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
A>erae 
Solvent 
Methanol 
Caibon 
tetrachlon 
Acetone 
1,2-
Dichloroet 
hane 
chmeth>l 
fonnanud 
e 
Chlorofor 
m 
Hexane 
Benzene 
Acetic 
acid 
Acetonitn 
le 
Ethvl 
acetate 
Cyclohexa 
nol 
Acetophe 
none 
Diethyl 
ether 
Methylace 
tatc 
DMSO 
Dichloro 
methane 
cyclohexa 
none 
;e 
Standard 
ET(30) 
55 5 
32 5 
42 2 
419 
43 8 
39 1 
30 9 
34 5 
517 
460 
38 1 
463 
413 
34 6 
400 
45 0 
41 1 
39 8 
1 
ONA 
4005 
32 33 
38 87 
38 14 
38 35 
35 45 
3163 
35 26 
40 05 
40 16 
39 94 
40 93 
4126 
40 82 
4149 
40 82 
39 19 
4149 
1.17 
/ahies of ET( 
PNA 
38 10 
34 10 
38 59 
38 41 
38 50 
37 89 
32 42 
36 52 
37 89 
39 84 
40 76 
40 76 
40 76 
40 76 
40 76 
39 48 
4021 
39 30 
1.29 
[30) obtained 
MNA 
39 10 
33 19 
40 19 
36 19 
40 65 
36 85 
32 59 
34 89 
39 46 
40 37 
40 74 
40 19 
40 00 
40 92 
40 92 
40 92 
37 70 
40 92 
1.23 
1 for each sor 
ONP 
38 37 
37 87 
38 84 
38 98 
38 07 
38 67 
J7 09 
38 24 
37 38 
38 71 
38 84 
39 18 
38 77 
39 18 
39 18 
39 18 
39 05 
38 51 
1.47 
vent 
PAC 
4199 
35 02 
4147 
35 62 
43 25 
35 02 
35 02 
35 02 
4147 
42 53 
37 16 
39 17 
36 84 
35 02 
42 71 
43 25 
35 47 
40 51 
1.12 
% error 
* AbbreMations: ONA,o-nitroaniline', PNA, p-nitroaniline; MNA, ra-nitroanUinr, ONP,o-
nitrophenol; PAC, picric acid 
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The TLC plates were prepared on microscopic slides Care was taken to ensure that 
layers were a uniform as possible To, achieve this end, the microscopic slides were 
suspended in a slurry of silica gel G that was prepared by adding 40 ml water to 60 g dry 
gel The mixture was agitated continuously with an electrical shaker to maintain the 
uniformity of the slurry. All slides were removed after 30 s No binder was used 
Nitroanilines could be detected by their yellow - red color 
For each nitroaniline, solutions were prepared by dissolving 2 g aniline in ethanol to 
give 100 ml of solution The plates were spotted with a fine glass capillary The drop size 
was not measured because Rf values are not dependent on sample concentration All 
experiments were carried out at 30°C The plates were spotted with various nitro 
compounds and run in different solvents in closed glass chambers 
Lotus was used to perform regression analysis of the data and to obtmn the equations 
shown in Table 3 1. 
RESULT AND DISCUSSION 
The nitro compounds used in the study are listed in Table 3 1 and the solvents are 
hsted in Table 3 2 For each nitro compound in different solvents, an equation of the form 
Rf = m [ log E j (30) - C ] was obtained, where m and C are the slope and intercept, 
respectively Figures 3 1 and 3 2 show two such plots The various equations obtained 
for different nitro compounds are shown in Table 3 1 The solvent polarity values obtained 
with this method and the standard Ex(30) values are shown in Table 3.2 For the 
9R 
experimental evaluation of £7(30), these values were read directly from the respective Rf 
values obtained experimentally and then compared with the established values. We also 
evaluated the average percent error (average of all errors, which is defined here as the 
difference between the solvent polarity values obtained by our method and the standard 
E-yi^O) vahies) these values are appended in Table 3.2. Regression equations were used 
to evaluate the values 
In some cases, the average percent error obtained with this method was sligjitly high, 
but the method is simple and the systems ( solvents ) involved were complex. 
As mentioned previously, solvent polarity is an important parameter and simple methods 
should be available to approximate the value Similar relationship can be used to predict 
the Rf values of single compounds in various solvents. 
This method will be best suited for mixed solvents where the solvent polarities may not 
be easy to obtain with conventional, often time- consuming methodology. 
CONCLUSION 
The linear relationship between Rf and solvent polarity is of fundamental importance 
These result confirm earlier studies and show that solvent polarity has a profound (often 
dominating ) effect on the chromatographic process 
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INTRODUCTION 
Solvent polarity has been usually been measured by Kinetics (1), 
Thermodynamics(2), and Spectroscopy(3). Since solvent strength is 
important in all forms of liquid chromatography, the parameters such as p'(4) 
and £^ (5) have been introduced to quantify it. Other parameters such as the 
£7(30X6), Z scale{7), AN(8), DN(9) and II*(10) are also utilized for this 
purpose 
More recently TLC(ll) has been applied to estimate the solvent polarity 
where Rf values are used to compute £7(30) values A similar approach has 
been adopted by David etal(12), Christopher etal(13), Sindreu etal(14) and 
Pirilaetal(15) 
However, the need for a very simple, cheap and noninstrumental method to 
evaluate solvent polarity compeUed us to investigate the use of TLC as an 
alternative technique of choice In a previous communication(12), the results 
of such a study using Rf values of some nitro compounds in various solvents 
were reported Various linear function were found to be useful in predicting 
unknown solvent polarities Herein, we report the polarities 1 1 (v/v) mixed 
solvent systems In the present study Rf values of the nitro compounds were 
determined in various 1 . 1 (v/v) binary solvent systems A linear relationship 
was found between the Rf values and the solvent polarities of the binary 
solvent mixtures The polarity of a 1 1 (v/v) solvent mixture can be roughly 
designated as the average of polarities of the two solvents in various mixing 
ratio 
EXPERIMENTAL 
Silica gel G (for TLC) was obtained from Merck (E Merck India Ltd) 
The nitro compounds were either BDH (Anal R), or E Merck and Fluka All 
solvents were AR reagents grade, obtained from BDH, or E Merck (India) 
The solvents were used without further purification Most of the solvents were 
dried over 4 A molecular sieves for 24 h Traces of water were not determined 
as it was felt there would be no significant eflFect on it Rf values. * f*^  
confirmed later by the linear functions obtained For each chromatographic 
development, the TLC chamber was covered with a greased glass lid and the 
lid was removed only when the development was complete 
The TLC plates were prepared on microscopic slides ( 1 5 x 3 0cm) and care 
was taken to see that the layers were uniform and of same thickness, as far as 
possible In order to achieve this the microscopic slides were suspended in a 
slurry of silica gel G which was prepare by adding 40 ml of water to 60gm dry 
gel The mixture was agitated continuously by an electrical shaker to maintain 
uniformity of the sularry and all slides are removed after 30 seconds No 
additional binder was employed Each developer was consisting of two mixed 
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Table 4.1 
List of solvent used for mixing with methanol for picric acid (PAC) 
1 Acetone 
2 Acetic acid 
3 1,2-dicWoroethane 
4 Carbon tetrachloride 
5 Methyl acetate 
6 Ethyl acetate 
7 Acetonitrile 
8 Benzene 
9 Cyclohexanol 
10 Acetophenone 
11 Cyclohexanone 
12 DMSO 
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6000 H 
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log Rf 
-0O6 ' 0 0 ^ -0O2 
Fig. ^ .2 . Plol of average E-^^Q. Versus log R^  of PAC Methanol system, 
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Table 4.2. 
List of solvent used for mixing with methanol for p- nitro aniline ( PNA) 
1 Acetone 
2 Acetic acid 
3 1,2- dichloroethane 
4 Carbon tetrachloride 
5 Methyl acetate 
6 Ethyl acetate 
7 Acetonitrile 
8 Benzene 
9 Cyclohexanol 
10 Acetophenone 
11 Cyclohexanone 
12 DMSO 
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o 
Ul 
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60-00-1 
; ; 50.00H 
^oooH 
30 00-
-0.20 
Methanol PNA 
-0-16 -0-08 -ao^ 
f'lq.C.C. Plot of average E TOO) 
-0-12 
log R^  
Versus log Rf o f PNA Methanol Systen 
0-00 
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Table 4.3 
List of solvent used for mixing with methanol for o- nitro aniline (ON A) 
1 Acetone 
2 Acetic acid 
3 1,2-dichloroethane 
4 Carbon tetrachloride 
5. Methyl acetate 
6 Ethyl acetate 
7 Acetonitrile 
8 Benzene 
9 Cyclohexanol 
10 Acetophenone 
11 Cyclohexanone 
12 DMSO 
6000-1 
50.00^ 
o 
UJ 
en 
n 
^ LOW-
< 
Methanol ONA 
2* 
7« 
11 5 
8' 
• 9 
10 • 
6 13 
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12 
30-00 
-0-16 -0-12 -0-08 - 0 0 ^ 
log R^  
000 0-0^ 
Fig . ^ . 3 , P lo t of average ^Tc\n\ Versus log Rxof ONA f o r Methanol Syst i 
inR 
Table 4.4. 
List of solvent used for mixing with methanol for m- nitroaniline ( MNA) 
1 Acetone 
2 Acetic acid 
3 1,2-dichloroethane 
4 Carbon tetrachloride 
5 Methyl acetate 
6 Ethyl acetate 
7 Acetonitrile 
8 Benzene 
9 Cyclohexanol 
10 Acetophenone 
11 Cyclohexanone 
12 DMSO 
109 
60-00-1 Methanol MNA 
^ SO-OO-i 
o 
<—( 
UJ 
zn 
m 
lb 
> 
< 
ZiO-OOH 
30-00 
-0-1^ -0-12 -0-10 - 0 0 8 
log Rf 
-0-06 - 0 0 ^ -002 
Fig .4 . J . Plot of average Ej,^^. Versus log Rt Rf of MNA f o r Methanol 
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Table 4.5. 
List of solvent used for mixing with methanol for o- nitrophenol ( ONP) 
1 Acetone 
2 Acetic acid 
3 1,2-dichloroethane 
4 Carbon tetrachloride 
5 Methyl acetate 
6 Ethyl acetate 
7 Acetonitrile 
8 Benzene 
9 Cyciohexanol 
10 Acetophenone 
11 Cyclohexanone 
12 DMSO 
I l l 
6aoo-i Methanol ONP 
o 
en 
5000-1 
< /:o-oo-
u* 
•2 
30-00 
- 0 1 6 -0-12 -0-08 
log R f 
-0-0^ 0.00 
Fig.^.5. Plot of average E JJ-JQ^ Versus logR^of ONP for Methanol 
system 
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Table 4.6. 
List of solvent used for mixing with DMSO for picric acid (PAC) 
1 Methanol 
2 Acetone 
3 Acetic acid 
4 1,2- dichloroethane 
5 Carbon tetrachloride 
6 Acetonitrile 
7 Benzene 
8 Cyclohexanol 
9 Acetophenone 
10 Cyclohexanone 
11 Chloroform 
12 DMF 
13 Ethyl acetate 
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Table 4.7 
List of solvent used for mixing with DMSO for p- nitroaniline ( PNA) 
1 Methanol 
2 Acetone 
3 Acetic acid 
4 1,2- dichloroethane 
5 Carbon tetrachloride 
6 Acetonitrile 
7 Benzene 
8 Cyclohexanol 
9 Acetophenone 
10 Cyclohexanone 
11 Chloroform 
12 DMF 
13 Ethyl acetate 
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60-00-1 
50004 
o 
^ LOOO-
> 
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3O00H 
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Table 4.8. 
List of solvent used for mixing with DMSO for o- nitroaniline (ONA) 
1 Methanol 
2 Acetone 
3 Acetic acid 
4 1,2-dichloroethane 
5 Carbon tetrachloride 
6 Acetonitrile 
7 Benzene 
8 Cyclohexanol 
9 Acetophenone 
10 Cyclohexanone 
11 Chloroform 
12 DMF 
13 Ethyl acetate 
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Table 4.9 
List of solvent used for mixing with DMSO for m - nitroaniline ( MNA) 
1 Methanol 
2 Acetone 
3 Acetic acid 
4 1,2- dichloroethane 
5 Carbon tetrachloride 
6 Acetonitrile 
7 Benzene 
8 Cyclohexanol 
9 Acetophenone 
10 Cyclohexanone 
11 Chloroform 
12 DMF 
13 Ethyl acetate 
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Table 4.10 
List of solvent used for mixing with DMSO for o-nitrophenol (ONP) 
1 Methanol 
2 Acetone 
3 Acetic acid 
4 ),2-dichJoroethane 
5 Carbon tetrachloride 
6 Acetonitrile 
7 Benzene 
8 Cyclohexanol 
9 Acetophenone 
10 Cyclohexanone 
11 Chloroform 
12 DMF 
13 Ethyl acetate 
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Table 4.11 
List of solvent used for mixing with acetic acid for picric acid (PAC) 
1 Methanol 
2 Acetone 
3 Chloroform 
4 1,2- dichloroethane 
5 Carbon tetrachloride 
6 Methyl acetate 
7 Ethyl acetate 
8 Acetonitrile 
9 Benzene 
10 Cyclohexanol 
11 Acetophenone 
12 Cyclohexanone 
13 DMSO 
14 DMF 
12 3 
56-00 -1 
Acet ic acid PAC 
^e.ooH 
9J 
en 
01 
0) 
> 
4 0 - 0 0 -
32-00 
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Table 4.12 
List of solvent used for mixing with acetic acid for p- nitroaniline (PNA) 
1 Methanol 
2 Acetone 
3 Chloroform 
4 1,2- dichloroethane 
5 Carbon tetrachloride 
6 Methyl acetate 
7 Ethyl acetate 
8 Acetonitrile 
9 Benzene 
10 Cyclohexanol 
11 Acetophenone 
12 Cyclohexanone 
13 DMSO 
14 DMF 
12 5 
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Fig,^.13.Plot of average ET/TQ \ Versus log R, o f PNA Ace t i c ac id syst em 
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Table 4.13 
List of solvent used for mixing with acetic acid for o- nitroaniline (ONA) 
1 Methanol 
2 Acetone 
3 Chloroform 
4 1,2- dichloroethane 
5 Carbon tetrachloride 
6 Methyl acetate 
7 Ethyl acetate 
8 Acetonitrile 
9 Benzene 
10 Cyclohexanol 
11 Acetophenone 
12 Cyclohexanone 
13 DMSO 
14 DMF 
12 7 
6 0 0 0 ^ 
o 50-OOH 
UJ 
> 
^0-00 
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em 
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Table 4.14 
List of solvent used for mixing with acetic acid for m- nitroaniline (MNA) 
1 Methanol 
2 Acetone 
3 Chloroform 
4 1,2- dichloroethane 
5 Carbon tetrachloride 
6 Ethyl acetate 
7 Benzene 
8 Cyclohexanol 
9 Acetophenone 
10 Cyclohexanone 
11 DMSO 
12 DMF 
12 9 
eaooH 
3 5000 
ro 
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Table 4.15. 
List of solvent used for mixing with acetic acid for o- nitro phenol (ONP) 
1 Methanol 
2 Acetone 
3 1,2-dichloroethane 
4 Ethyl acetate 
5 Acetonitrile 
6 Cyclohexanol 
7 Acetophenone 
8 Cyclohexanone 
9 DMSO 
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Table 4.16 
The Aromatic Nitro Compound used. 
S. No. 
1 
2 
3 
4 
5. 
Name of Compounds 
Picric acid (PAG) 
o- Nitroaniline (ONA) 
m- Nitroaniline (MNA) 
p- Nitroaniline (PNA) 
0- Nitrophenol (ONP) 
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solvent in a 1 1 ratio ( v/v) Nitro aniline could be detected due to their 
intense yellow-red colour Each nitro aniline solution was prepared by 
dissolving 2 gm of the aniline and diluting a final volume of 100 ml with 
ethanol The compounds were spotted in the TLC plates with a fine glass 
capillary The drop size was not measured because it was thought that the Rf 
would not depend much on sample concentration All experiment were carried 
out at temperature of 303 K The plates were spotted with various nitro 
compounds and developed in the mixed solvents (Table 4 1) in closed glass 
chamber The mixture of the solvent were added into the TLC chamber and 
was equilibrated for about 10 mints prior to the development of the 
chromatogram Tlie regression analysis of the data was carried out by the 
least squares method 
RESULTS AND DISCUSSION 
The nitro compounds used in the study are given in Tabled • 1 ind the solvents 
used Tabulated in Table^ . ^ -^ . 1" 
Based on its retention data for each nitro compound in different solvents, an 
equation of the form 
ET(30)=mlog Rf+C 
is obtained, where m and C are slopes and intercepts respectively 
134 
Plots of log Rf versus the average of £7(30) values of any two miscible 
solvents present in a 1 1 (v/v) yielded straight lines showing a regular relation 
between these parameters Hence solvent polarities of other solvent mixtures 
in various ratios may be inferred Figures 4 1 to 4 .15 show the typical plots 
Regression equations have been used throughout Similar relations set up for 
single compounds can also be used to predict Rf values in various solvents 
and mixed solvents In some cases, the average % error is slightly high but one 
has to consider the simplicity of the method and the complexity of the systems 
(mixed solvents) involved 
Since polarity is an important parameter, this simple TLC method should 
provide convenient alternative means by which to estimate this parameter 
This method will prove to be best suited for mixed solvents where the 
solvent polarities can not readily determined using its conventional, often time 
consuming methodology 
135 
CONCLUSION 
The linear relation between Rf and solvent polarity have a fundamental 
importance These results further support earlier studies and show that solvent 
polarity has a profound (often dominating) eflFect on the chromatographic 
process Since both solvent polarity and chromatography are important 
process in biology and chemical engineering this analogy is all the more 
apparent It can be seen that the type of ideas applied before (12) are also 
usable to mixed solvents 
13fi 
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Solvent Polarity as a Function of R/in Thin-Layer 
Chromatography of Selected Nitro Functions 
Anee» Ahnud, Qasimullah, S. Muzaffar A. Andrabi, and futhkin M. Qureshi* 
Oi'pjr-.njeni oi Chenii>lr> Ali^ijrh Muslim Univeriil>, AJigjrh 202002, Indid 
Abstract 
Solvent polarities have been reUled to the it/values of various nitro 
cocnpouncb as linear mnctions in different solvents. Such relations 
mt) prove useful in the determination of the polarity of a solvent 
or in the evaluation of the polarities of mixed solvents. 
introduction 
SoK-ent po!arit> has bi;«rn measured by various methods in-
cliiding kineuci (1). thermodynamics (2). and spectroscopy 
l3.). There are man\ well-known polarity scales: EXI3(J! (4), Ka-
Siftvvr.N Z scale (2) (5), Cutamann Ai-ieptur No. i\S) (6), Cuta-
mann Donur No. (D.\') (7». and Kamlet T.Al'ls {n't (M. 
Hi/.ve\cr. there ii still a need lor a simple method to evaluate 
S4jJvent polanty. We determined the R/ values of nitro com-
pounds in various solvents by thin-layer chromatography (TIC). 
The various linear functions we obtained can be us«d to predict 
sol.ent polarities that are unknown or lb evaluate soK-ent po-
laf.jics in a mixture. In this communicalion, we report our re-
s J t t lor single solvent system. A similartpproach has been re-
pcrlcd in the literature (9-11). 
Experimental 
Silica gel G (for TLC) was obtained frc m Merck (India). The 
iii^fi compounds wen obtained from BD .^ E. Merck, or Fiuka. 
All solwnis were analytical-reagent gra le and were obtained 
trdra BDH, E. Merck, or Kochlighl. Tht solvents were used 
without lurlhjer purification. Most of Uu- solvents were dried 
w<r 4 A molecular sirve and were not Aaluated tor traces of 
wa t^ir because traces ol'water would not tvive a siiinificant effect 
on-Hr. This supposition was later cuni'iriBed by the linear rela-
Uonship obtained. | 
For each dewlopment. the TLC tank was covered with a 
greased glass lid that was removed only when the development 
was complete. 
The TLC plates were prepared on naicrosa^ic sUdes. Care 
was taken to ensure that layers were as unifonn as possible. To 
achieve this end, ^ e microscopic slides were suspended in a 
slurr>- of silica gel G that was prepared by adding 40 mL water 
to 60 g dry gel. The mixture was agitated continuously with an 
electrical shaker to maintain uniformity of the slurry. All slides 
were removed after 30 $. No binder was used. Nitroanilines 
could be detected by their intense yellow-red color. 
For each nitroaniline, solutions were prepared by dissohnng 
2 g aniline in ethanol to give 100 mL of solutioa The plates 
were spotted with a tine glass capillary. The drop size was not 
measured because IV values are not dependent on sample'con-
centration. All experiments were carried out at 30°C. The plates 
were spotted with various nitro compounds and nin in dif-
ferent solvents in closed glass chambers. 
Lotus was used to perform regression analysis of the data and 
to obtain the equations showTi in Table I. 
Results and Discuss ion 
The nitro compowvls used in the study are bsted in "bble I 
and the solvents are listed in Table II. For each nitro com-
pound in different solvents, an equation c^the fomi J^=m {Jog 
E;- (30) - rj was obtained, where m and c are the slope and in-
tercept, respectively. 
Table I. Regression Equations Vtt41« Evakate the 
folarily Values 
Compound IHfiiiiwieyitiow 
m-NitiiMnilinir 
o-Ntlriunilint-
p-Nilrujaiiint-
PKiicaiid 
R,«8.49llogl,|J01-l50) 
R,« 10.05 (log t, |J01-)iI) 
K,. 10.11 (lot;£,|3Ui-liIj 
K,.2M5(loj;l)|30i-I.SSy 
K,.l0 7StkigE,|J0i.|.S4i 
376 tr>><>>>«lun4yvX>^ti|>t>'V >*<^>*"'J'ii»««^u<»»»|uwm»lnlJtijM»l<il»*iuo«t«*»rJ»f tfinninMun 
lo'-ij'o'C*"^^'~u"«'*p*"i S<» <r V '< AJCJO lOOl 
FiCure< 1 and 2 sSov^  U-o sue*" r'^L* The various equation^ 
n'^Umed for di'Ccrent nitro com:^ • jnd^ are jhown m Tahlc I 
The solvent polanh x-aluej ohtai"cd vi th this method and the 
standard E T [ 3 0 1 values are shoun m Table I I . For the experi-
mental evaluation of E^ISOl, the'^ e values n-ere read direct!) 
from the plot at the respectixt R^\-a'jes ohtairied experimentally 
and then compared with the estab! ^hed values We alv) e\'alu-
ati'd Ihc average percent error (average of al! erro'^ uhuh i 
defined here as the difference bchveen the joKc-: pfbnt 
values obtained by our method and the standard ET(3''1I \thje<; 
these values are appended in Table II Regression equation 
were used to evalu^e the values 
In some cases, the averajje percent error obtained w\ h Ihi 
method was slightly high, but the method is simple and ip* s\-s 
Table I I . Valun of E T I 3 0 | O b t a i n ^ for Each Solvmt 
No. So^f" frlM] 
Valu« of Ei 130 obtamw) for t»(h joKtnl 
OSA PNA MN'A 0 \ P 'AC 
1 
2 
3 
4 
3 
6 
/ 
e 
9 
10 
11 
12 
13 
14 
AS 
16 
17 
18 
K^-i-K 
C j - t w te^icWonde 
1 r-D'r*ic'o'Tiff^a'ie 
D - ip ' - \ to—.a- 6e 
Ac" : 3:xi 
EtS' *crtre 
DviO 
55 5 
32 5 
t2 2 
41 9 
43 8 
301 
3P9 
(4 1 
5' 7 
46 0 
38 1 
46 3 
4! 3 
34 6 
400 
450 
41 1 
39 8 
40 05 
32 33 
38 8-
38 14 
3fi35 
3545 
31 63 
• < ; > 
4PPS 
40 16 
39<'4 
40 93 
41 26 
4C82 
41 40 
40 82 
39 19 
41 49 
1 1 : 
38 41 
34 10 
38 5') 
3841 
38 50 
3-8P 
i : 42 
\h ',: 
r po 
39 8J 
40 76 
AO'b 
40*6 
40 76 
4 0 - 6 
3° 48 
40 21 
3«30 
129 
39 10 
33 19 
4019 
36 19 
40 65 
36 85 
32 5" 
3-1 8" 
3«46 
40 3" 
40 74 
40 IP 
40 00 
40 92 
40 92 
40 92 
37 70 
40 92 
1.23 
38 37 
37 87 
38 84 
38 98 
38 07 
38 6-
3-pQ 
'S2J 
3-^8 
38-1 
38 84 
39 18 
38 77 
39 18 
3<)I8 
30 18 
39 05 
38 51 
147 
4^ 00 
5-^ 2 
• i-
xb: 
125 
35-^2 
i5': 
J> 2 
4: -..^  
I-.16 
nr 
\s-: 
4 1 ' ' 
41 2i 
JS-:-
«15-
1 "2 
•'Kfab'r>Ti»'0~ C>*»*i. o-n'~Tai'lii< ("N^ p---*ra- nt MSV m-'>f~oii 1"^ 0*«P <VT"OC^»'->O' PAC P'ccjcid 
1.2 
1 n 
0 80 
0 60 
0 0.5 I.O t 5 2.0 
log E-130' 
Fr^u'p 2 Plotc/R \a'je< versus tee t- 3'" 
l i 
0 40 
0 20 
<B 
k2 
17 
1 
1 ( 
1 
i 
1 
i 
• 
h 
hxmjl y'ChrcKnj'uj.-j^h,c Scrence Voi )•« \^j.>; 1W6 
krr_v (K'!vcr.b ir\i?:\ed wat complex. 
.^' mentior.iJ previously, solvent polanh' is an important 
f.Ci'-meter ar.J i.~p!t metho^b shoL;!J be avaiLbic to approxi-
rr>a:c Ihi vaJac S.m.lar reluUor^ihipi can aliO b<. u^eJ tu predict 
th,c R, vjJLies o.'sinfcie compoundi in various solventi. 
Trui method will be beit suited for mixed solvents where 
the solvent polanliei may not be easy to obtain with conven-
boruJ, often time-consuming methodology. 
Conclusion 
Th< linear relationship between R/and solvent polarity is of 
furvlamentai importance. These results confirm earlier studies 
and show that solvent polarity has a profound (often domi-
nating) efi'ect on the chromatographic process. 
Acknowledgment 
^ Tne authors are grateful to Professor N. UJam, Department 
of Chemistry, Aligarh Muslim University, Aligarh, for providing 
the Tesemch facilitjei. 
References 
1 > Dr;>w^ d'C and D Ocrcocq 6-'' S(X Ch,-n Fr :s«': !9t)^ y 
2 KH \v>er fief Dhch CAH-T; Ce> 47:626 il914, 
3 D Udiier / Prjkt Chem. 316: th>» 11974;. 
4 C RHJchardt. Angev*. Chem. Int. Ed Engl. 18: 98 0979,. 
5 t.M.Kosowef. The etiea OJ iolvent ot spectra I. A new empirical 
rrtedwre oi solveni polarity Z-values. I Am. Chem Soc. M: 
325>*Ol1958;. 
6. V. Cutmjrui and E. Wychera Inora Sucl Chtm ItHt 2: 2S7 
(1956). 
7. U Meyif. V Culmann, and W Cerxit Weak coordination— 
chemKalinlefactK>m. Moojfxh Cht-m 106:1235(1975). 
B M) tUmM, J.L. Abbond, and K.W Tan.The iolvalochronuc COTD-
parison method 6. The scale of solvent polarities. / Am. Chem. 
Soc. W: 6027-38 (1977). 
9. ).£. Ounabi, H. Mason, A.P. Se>iang. D. Trappe, and F.J. 
Woodman. The chromatographic coneeruraiion and the specuo-
graphtc detemnnation o^  cadmium in uranium n'^ etal. U.K. Atomic 
• tnergy Authonty, Ind. Croup 5CS-R-49, p 23 (1959). 
10. j.J. Wren. Ovomatography of lipides on silicicacid. j . Chromasoff. 
4:173-95 (1%0). 
11. H.H. Strain and A.W. Svec. Procedure for the chromatography of 
the tat soluble chloroplast pigments. Advan. Chromatogr. t: 
119-76(1969). 
Ailanuscripl accepted February 12, 1996. 
